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ABSTRACT 



A self-contained, rapid. Computer Aided Design (CAD) 
program for a desk top computer (i.e. HP 9845) was developed 
for a first cut approximation for the design of a super- 
cavitating propeller blade. This program eliminated the 
error-prone, tedious interpolation of empirical data graphs 
by providing approximations and curve fitting techniques to 
augment existing formulae. The complex Goldstein function 
and the inexact Prandtl approximation were replaced by a 
more simple function, the Wilson factor, that maintained 
the confidence level of the manual calculations. 
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I. 



INTRODUCTION 



The screw propeller was first developed by an Englishman, 
Hooke, in the 17th century, but received little use until 
nearly two centuries later. In the late 1800's, while the 
British steamer TURBINIA was being designed, it was first 
observed that the propeller could operate in a cavitating 
mode wherein at least a portion of the propeller operated in 
an 'air cavity'. This air cavity was not air but a result 
of critical pressure conditions in the vicinity of the 
propeller blades [1] . 

Inasmuch as propeller cavitation usually results in 
marked increases in required rotational speed, propeller 
slip, and erosion of the blade surfaces, as well as decreases 
in the power efficiency, cavitation was to be avoided, if at 
all possible. One precaution was to insure that the tips 
of the blades were always well submerged to as not to have 
an air interface. If partially submerged then ventilation 
may result yielding similar effects as cavitation. 

It was not until the mid- twentieth century, while search- 
ing for drive systems for racing boats , that it was discovered 
that by operating in extreme cavitation regions, high water- 
craft velocities could be obtained with but minimal deleteri- 
ous effects. In fact, not only could the propeller be 
operated in a cavitating mode fully submerged, but it could 
also be operated with a portion of the blades out of the 
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water partially submerged. As a result, these systems are 
referred to as either fully submerged or partially submerged 
propellers. With either propeller the effect is essentially 
the same although the loads may differ. 

Whereas the design techniques for conventional propellers 
had become well established [1] , few techniques were available 
for the supercavitating blades or foils. In general, the 
subcavitating design procedures were used as an approximation, 
but this left much to be desired. In the mid-1950's, Tulin 
[1] proposed two-dimensional lift-drag characteristics for 
these designs , and at the same time Morgan and Tachmindj i 
applied circulation, or lifting line, theory. The latter 
techniques were based on the works of Prandtl, Hemhold, Gold- 
stein and Lerb , utilizing hydrodynamic principles. Now, 
nearly thirty years later, these approaches are still used in 
the design of supercavitating propellers {1] . 

The most rigorous of these techniques is Lerb's [2] induc- 
tion factor method, while the use of the Goldstein function, 
though less precise, compares quite favorably to Lerb's method. 
Any of the methods used in the design of supercavitating 
propellers have been labor intensive [2] . 

A. STATE-OF-THE-ART 

The formal design methods for high speed naval ship pro- 
pellers were established by Morgan and Tachmindj i of the 
David W. Taylor Naval Ship Research and Development Center 
(NSRDC) [6] , using the Goldstein function to correct for 
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